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Method in a telecommunication system 



FIELD OF THE INVENTION 

The present invention relates generally to methods of 
congestion control in telecommunication systems, more 
particularly to provide methods of congestion control when 
setting up calls in a CDMA-based communication systems. 

BACKGROUND OF THE INVENTION 

In code division multiple access (CDMA) communication 
systems, a plurality of base stations cover each certain 
geographic areas and provide communication services to users 
within said cells. More precisely, said coverage area is 
subdivided into cells which denote the area that is covered 
by a specific antenna transmitting and receiving at a 
specific frequency carrier. With respect to the capacity of 
a cell, there are i.a. two parameters in a CDMA-based 
communication system that affect the capacity of the radio 
network- One parameter is the uplink interference received 
by the radio base station. Another parameter is the downlink 
power that is sent out by the radio base station. 

Characteristic for CDMA-systems is that for each cell the 
common transmission medium is shared between different users 
by assigning specific and unique code sequences to the 
uplink and downlink channels between base station and user 
equipment. These code sequences are used by the transmitters 
to transform signals into wideband spread spectrum signals. 
In the receiver units, either the base station or the user 




equipment, said wideband signals from a specific transmitter 
are retrans formed to the original bandwidth by using the 
same code sequence as that transmitter while signals marked 
with different codes remain wideband signals and, thus, are 
5 interpreted by the receiver as part of the background noise. 

An aspect specific to the multiple access technique used in 
CDMA relates to the fact that all users transmit wideband 
signals potentially at the same time and using the same 
bandwidth. Thus, one limiting factor in CDMA-based systems 
10 is a decreasing signal-to-noise ratio in the communication 
channels due to an increasing interference level caused by 
other transmitters. For the uplink, said interference level 
is the sum of all radio beams that reach the receiver of a 

N radio base station for a specific frequency carrier. The 

l < I 

15 source of these radio signals are the user equipments that 
O are located in the cells handled by the specific radio base 

jn station or in neighbouring cells handled by another radio 

? base station. Additional pseudo noise contributes also to 

fjj the received interference level . 

CO 2 0 From this it becomes apparent that power control, both of 

o 

£3 uplink signals and downlink signals, is crucial in order to 

achieve a maximised system capacity and high quality of 
services. This implies for the uplink channels that the 
transmission power for each of the user equipment must be 

25 controlled in order to avoid, e.g., that users close to 
their serving base station dominate over users at a longer 
distance and in order to allow an optimised number of users 
within the limitations of the acceptable interference level. 
Accordingly, one important function in a CDMA-based 

3 0 communication system is the radio capacity control function 
that keeps track of the uplink interference level and, in 
case of a congestion in the radio interface, takes the 
necessary actions to lower the interference level. The call 
handling control will, during a call setup, check with the 

35 capacity control if the interference level permits the 



addition of a new call within a specific cell. Congestions 
in a cell, e.g. due to a too high number of user equipments 
in the cell, are prohibited by broadcasting access 
restriction messages for a cell. In a first approach new 
requests for a call setup are generally restricted in the 
congested cell. However, this would result in a poor system 
performance because a call setup would possibly be allowed 
in another cell within the accessible area of the user 
equipment. Yet another problem results from the fact that 
neighboured cells can use the same carrier frequency. 

SUMMARY OF THE INVENTION 

It is an overall object of the present invention to optimise 
the communication capacity of a cell in a CDMA-based 
communication system having a high interference level, i.e. 
to maximise in a cell the number of user equipments while at 
the same time providing an acceptable service quality. 

It is another object of the present invention to provide a 
method of congestion control when setting up a call in a 
CDMA-based communication system from a user equipment which 
is situated in a high density congested cell without 
interfering with other user equipments. 

Thus, it is still another object of the present invention to 
control the total uplink interference level not only within 
a single cell but also within a neighboured group of cells 
that use the same frequency carrier and to which a user 
equipment can establish a connection. 

It is yet another object of the present invention to control 
the admission of new calls in case of a congestion for a 
certain frequency carrier in a cell such that the total 
interference level does not exceed a certain maximum power 
level . 



According to the present invention, a call setup request 
from a user equipment in a congested cell is prohibited by 
means of broadcasted call admission messages. However, the 
call admission information indicates permitted and/or 
5 restricted accesses for carrier frequencies and/or 
neighboured cells. Neighboured cells using the same carrier 
frequency as the congested cell are marked with a restricted 
access flag. Therefore, the user equipments in the congested 
cell will request for a call setup only in one of those 
10 neighbour cells without access restrictions. By this means, 
the user equipments will not contribute to the interference 
level in the congested cell . 

It is an advantage of the present invention that a call 
% 4 setup is possible for a user equipment located in a 

^Jt 15 congested cell without increasing the total interference 
C3 level in said congested cell. 

fn 

l" It is another advantage of the present invention that the 

M interference level that is experienced by a user equipment 

* t % can be controlled such that the signal-to-interference ratio 

£ 0 20 is sufficiently large. 

C3 

" It is still another advantage of the present invention that 

the number of user equipments in a cell can be increased 
while at the same time providing an acceptable service 
quality. 

25 Other objects, advantages and novel features of the 
invention will become apparent from the following detailed 
description of the invention when considered in conjunction 
with the accompanying drawings and claims. 
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BRXEF DESCRIPTION OF THE DRAWINGS 

For a better understanding, reference is made to the 
following drawings and preferred embodiments of the 
invention. 

5 Figure 1 shows an overview of the parts of a CDMA-based 
communication system that are the object of the method 
according to the present invention. 

Figure 2 shows a flowchart presenting the main steps of the 
method according to the present invention from the point of 
10 view of a radio base station. 

Figure 3 shows a flowchart presenting the main steps of the 
method according to the present invention from the point of 
view of a user equipment. 

Figure 4 illustrates the method according to the present 
15 invention by means of an example for a user equipment within 
a cell structure. 

DETAILED DESCRIPTION 

In Figure 1 a geographical area is covered by a plurality 
20 of cells whereby one or more cells are served by a radio 
base station. In particular, each cell is covered by means 
of one of the antennas of said radio base stations sending 
and receiving at certain carrier frequencies. Thus, a cell 
can be described by its cell identification together with 
25 the carrier frequencies that are used in the cell. Said 
carrier frequencies are assigned to and administered by 
various system operators to which a certain number of 
carrier frequencies has been assigned and which are used 
for cell planning of said operators network. In the example 
3 0 according to figure 1, an operator administers a radio 
communication system of the CDMA-type including a number of 
radio base stations RBS1-RBS3 whereof each of these radio 



base stations is covering at least one cell. In a CDMA- 
system of the above kind, the operator may administer, 
e.g., two allocated carrier frequencies fi and f 2 . The radio 
communication is achieved by sending coded messages (speech 
5 or data or both) as codes on the carrier frequency which 
has been allocated for the cell where the user equipment is 
located. In this example, the first carrier frequency fi is 
allocated to cells Ci-Cs and the second carrier frequency is 
allocated to cells C7-C9 . It is seen from the figure that 
10 parts of said cells are overlapping each other or include 
each other such that the same geographical area can be 
covered by various cell structures operating on different 
12 carrier frequencies . 

?i User equipments UE1..UE4 that are distributed over said 

f y 15 operational area can perform communication services by 
^ means of dedicated uplink and downlink channels to and from 

fR an antenna of at least one radio base station (RBS1-RBS3) . 

f x Hereby, each user equipment in a cell is normally connected 

fLJ to the radio base station that best receives the radio 

^ 2 0 signals from the user equipment. At cell borders, however, 
□ a user equipment is probably in a soft handover situation, 

' J i.e. at the same time connected to at least two cells using 

the same carrier frequency. 

A larger number of cells covering a certain area is 
2 5 connected to a centralised controller unit, e.g. a radio 
network controller RNC . This controller unit handles 
amongst other things functions for call handling control 
and capacity control within the cells. Said controller unit 
also keeps track on information that is necessary for 
30 operations concerning several cells, e.g., soft handover or 
cell access restrictions. 

The present invention relates to a method in a cell of a 
radio base station in order to achieve a maximised number 
of user equipments within said cell and in order to avoid a 
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too high interference level in a cell. Each user equipment 
in a cell interprets the transmissions to and from other 
user equipments as interference and, thus, intends to send 
at a power level that provides a sufficiently high signal- 
to-interference ratio. For the uplink channel of a user 
equipment UEj that contributes with an uplink power Pj said 



However, the uplink power demand Pj of a user equipment is 
not a static quantity but changes constantly depending on, 
e.g., the location of a user equipment with regard to its 
distance to the receiving antenna of a radio base station 
or depending on varying environment conditions. Yet another 
important impact results from the number of other user 
equipments that simultaneously have or request for a 
communication connection within the cell and from the kind 
of service that said users request for. Both the radio base 
station and each user equipment have a limited transmission 
power. As the user equipments control their uplink 
transmission power only with regard to their own needs, it 
becomes apparent that there is a risk for a steadily 
increasing uplink power level. Therefore, the total 
transmission power level from all uplink channels, i.e. the 
interference level, must not exceed a certain threshold 
value Pthr in order to provide on the one hand an acceptable 
quality of service, i.e. a sufficiently high signal-to- 
interference ratio, to a maximised number of user 
equipments and on the other hand to keep the total 
allocated downlink power of the radio base station below 
said threshold level. A congestion in a cell is determined 
if the total uplink interference level that a user 
equipment experiences in the cell exceeds said threshold 
value. A determined congestion must be resolved by means of 
decreasing the total uplink transmission power level or, as 



ratio can be expressed as: 




suggested by the method according to the present invention, 
by means of restricting access for new call setup requests. 

Figure 2 shows a flowchart which illustrates the method of 
the present invention as being carried out in a base 
station. When a request for a call setup is received, block 
21, it is investigated, block 22, if the total interference 
level P exceeds a threshold level Pthr. If so ("No" at block 
22) the radio base station serving the cell will accept 
requests for a call setup, block 25, in said cell as long 
as the total interference level in this cell is below said 
threshold level. However, when the total uplink 
interference level exceeds said threshold level Pthr ("Yes" 
in block 22) the cell must guard itself against 
congestions, e.g., due to a too high number of new accepted 
calls. Therefore, a user equipment sending a call setup 
request in such a cell must in advance be provided with 
additional relevant information that indicates whether its 
request will be accepted in said cell. This additional call 
admission information can be applied by the user equipment 
to establish a connection, i.e. contribute to an increasing 
system capacity, while, at the same time, direct its call 
setup request to a cell or a carrier frequency such that an 
inadmissible increase of the uplink interference level due 
to this call setup is avoided. Said call admission 
information is about neighbour cells and/or carrier 
frequencies. The call admission information also includes 
congestion status information for said cells and 
frequencies with respect to a certain geographical area, 
e.g. the congested cell. The information is preferably 
retrieved, block 23, from a centralised control unit, e.g. 
the radio network controller RNC, to which the radio base 
stations of a number of neighboured cells are connected. 
Thus, the RNC must contain a list that indicates the 
neighbour cells of each cell and the carrier frequencies 
that are used in these cells. It must also contain said 
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congestion status information. Additionally, the RNC must 
be capable to retrieve this information for cells that 
belong to another RNC. Then, a radio base station serving a 
momentarily congested cell can retrieve the necessary 
5 information by using said list in order to create and 
broadcast a message indicating call admission information 
to the user equipments in said cell. The information can be 
presented either by means of restricted accesses or by 
means of permitted accesses for the user equipments with 
10 regard to the congested cell and those neighbour cells 
using the same or another carrier frequency. The radio base 
station of a congested cell sends this call admission 
□ information on its broadcast channel, block 24. Said 

IS; 

%j additional call admission information, which is an object 

iy 15 of the present invention, can refer to a restricted or 

£3 permitted access either for other carrier frequencies or 

J J for other cells using the same carrier frequency, 

g Alternatively, the call admission information in a 

I* congested cell simply contains a list comprising carrier 

p 20 frequency and congestion status for each neighbour cell. 

C3 Figure 3 shows the corresponding steps of the method 

according to the present invention from the point of view 
of a user equipment. A user equipment will in an idle mode 
constantly listen to the broadcast channel of the cell that 

25 it receives best and analyse the received call admission 
information, block 31. A call setup request from a user 
equipment ("Yes" in block 32) for this cell will be 
accepted, block 34, as long as the broadcasted call 
admission information indicates that there are no call 

30 setup restrictions for the cell ("No" in block 33). No 
access restrictions means that the interference level in 
the cell is below the threshold level Pthr. If the broadcast 
channel however contains an indication that access for new 
calls momentarily is denied in this cell ("Yes" in block 

35 33), e.g., caused by a congestion due to a too high number 
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of user equipments within the cell, the user equipment will 
most likely intend to request for a call setup in one of 
the other accessible cells. The call setup attempt of the 
user equipment will probably succeed if there is no 
5 congestion reported in at least one of these substitute 
candidate cells. However, if the selected substitute cell 
uses the same carrier frequency as the congested cell, the 
user equipment will still contribute to the interference 
level in the congested cell because it is physically still 
10 located in that cell. It will probably cause even more 
interference than it would have caused if the call had been 
accepted in the congested cell since the neighbour cell is 
« located further away and thereby demand an even higher 

« uplink power level from the user equipment. This problem is 

15 overcome by means of the method according to the present 
fy invention providing, i.a., the step of broadcasting call 

^1 admission information that is not generated with the main 

£ fl focus on the congested cell as the restriction criterion 

s 

I, a but instead with focus on the carrier frequency that 

[y 20 momentarily contains a too high level of interference 
fg within the accessible area of the user equipment. The 

W broadcasted message then contains, e.g., additional 

information about those cells within the accessible area 
that use the congested carrier frequency. By this means, 
25 the user equipment will be prohibited from initiating a 
call setup to said cells and, thus, avoid a situation where 
the user equipment causes an increasing interference level 
in a cell while establishing a connection in another cell. 
Instead, the request for a call setup is performed in an 
30 unrestricted neighbour cell in the accessible area of the 
user equipment, block 35, said cell using a carrier 
frequency without congestions. 
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Figure 4 demonstrates by means of an example the various 
steps for a call setup according to the method of the 
present invention. Said method is applicable if a user 



equipment 44 is located such it can connect to more than 
one cell that are served by one or more radio base 
stations. In this example a user equipment is located such 
that it can establish a connection to either of cells 41, 
42, or 43. For the uplink signal transmission, each of said 
cells use a certain frequency carrier. Here, it is supposed 
that cells 41 and 42 use the same carrier frequency fi while 
cell 43 uses a different carrier frequency f2 and that the 
user equipment 44 receives downlink signals best from the 
radio base station serving cell 41. If cell 41 momentarily 
suffers from a congestion, a restricted access message is 
broadcasted for this cell indicating that a call setup is 
neither permitted in the congested cell 41 nor, according 
to the present invention, in the neighboured cell 42 using 
the same carrier frequency fi as cell 41. Instead, the user 
equipment 44 can try to establish a connection to the other 
neighbour cell 43 using another carrier frequency f 2 . Thus, 
as long as 43 does not suffer from a congestion, a call 
setup is possible for a user equipment located in the 
congested cell 41 without increasing the interference level 
of that cell. 



